While the admirable studies o~ Stadelmann/Naunyn,' ~V[inkowski" and Magnus-Levy ' have firmly established the fact that the peculiar coma so often noted in diabetes is regularly associated with the excretion of large quantities of organic acids, comparatively little attention has been devoted to the study of the excretion of such acids during the period preceding the onset of coma. I desire here to call attention to the appearance of organic acids in the urine previous to the actual development of coma with a view to emphasizing their prognostic significance.
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M E T H O D S O F D E T E C T I N G T K E P R E S E N C E O F A C I D S I N T H E I m l N E .
In the eases to be reported here, the chief method employed to determine the amount of organic acids excreted has been the process consisting in the estimation of the acids and bases of the urine. In health the urine contains four chief acids united to five different bases, and these acids and bases very nearly neutralize one another. In diabetes, on the contrary, the total known acids of the urine may fail to neutralize the total quantity of known bases and there is an apparent excess of bases. The excess of bases over acids is only apparent, for the urine does not contain free alkali. The apparent excess of bases is in reality united to acids, but these, acids are not the lcnown acids referred to above; they are organic acids and the apparent excess of bases is proportional to the quantity of organic acid which is being excreted. On the basis of these facts, which were first recognized by Stadelmann, Dr. A. J. Wakeman and I have developed a method ° of estimating the organic acids of the urine, and this method has been used in the study of our eases of diabetes. It is, of course, to be understood that by this method we do not obtain any clue to the nature of the organic acids, but only a knowledge o.f their combining power. This knowledge enables us to express the amount of acid present in terms o.f oxybutyrie or any other organic acid, and in references to the quantity of acid excreted in our eases, oxybutyrie acid i.s chosen because, it is the preponderating pathological organic acid in eases of diabetes.
The quantity of NI-I3 excreted serves roughly to indicate file extent of the excretion of the organic acids. This of course depends on the fact that ammonium is the base chiefly concerned with the removal of m'ganie acids fro.m the body. It is estimated that a daily o.ntput of 2 grammes NtIa corresponds to about 6 grammes of oxybutyrie acid, 5 grammes NH3 to about 20 gTammes, and 8 grammes NtI:~ to about 36-40 grammes of oxybutyrie acid, but I shall show later that considerable amounts o.f organic acid may exceptionally be excreted without the NH3 output being abo.ve the normal. Nevertheless the method is a valuable one for clinical purposes. We have determined the NHa output as part of the process of balancing the acids and bases, but have seldom relied entirely upon it as our evidence of the excretion of o.rganie acids.
In many instances the presence of oxybutyric acid has been aseer- 'ciences, 1901, i, p. 7. tained by obtaining erotonic acid from the urine in the well-known manner.' Comparatively little attention has been paid to diacetic acid on account of its instability.
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THE EXCRETION OF ORGANIC ACIDS SHORTLY BEFORE OR DURING COMA.
The urines from several diabetic patients in a state of coma have come unde¢ our observation.
Case I. In the first patient, a young girl in the care of Dr. E. G. Janeway, the bases were so much in excess of the acids, in a separate sample of 340 cc. of urine, that the urine was estimated to contain 27.17 gin. of oxybutyric acid in 24 hours.
Case If. In the second case, a woman brought comatose into the City Hospital, without a history, the excess of bases indicated the excretion of more than 10.8 gm. of this acid in the last 24 hours. In the first case the N of NH3 was 20.88 per cent of the total N; in the second it was 16.73 per cent of the total N." The second patient came to consciousness after an infusion of sodium bicarbonate, but soon lapsed again into coma. Autopsy showed no lesions which would explain coma except an atrophic pancreas, and the case was regarded as one of diabetic acid intoxication.
Case III. A third case of diabetic coma from which the urine was obtained was in the surgical service of Dr. Markoe in Bellevue Hospital. The small specimen of urine drawn from the bladder after the onset of coma contained 13.5 per cent of N of NH~, and the excess of bases indicated an amount of organic acid equal to 9 gm. of oxybutyric acid calculated for 24 hours, assuming an excretion of 10 gin. of N in this period. This is doubtless an underestimate of the quantity of acid.
Besides these three eases of diabetic coma, I have had under observation four eases in which coma appeared several weeks after the recognition of large quantities of organic acids in the urine. 7200 ce. of urine from which the sugar has been removed by fermentation with yeast are rendered alkaline with sodium carbonate, and evaporated to the consistence of a syrup. To this syrup, in a flask, 15 or 20 cc. of concentrated H2SO 4 are added; the mixture is now subjected to distillation, the distillation being continued as long as possible.
The benzoic acid in the distillate is partially removed by filtering cold. The filtrate is now shaken with about 50 cc. of sulphnric ether. On evaporation of the ether crotonic acid separates out in characteristic crystals which melt between 69°-71 ° C.
8 The following percentages of N of NH3 were obtained from the urines of different normal persons living on mixed diet ; 5. 39, 2.87~ 3.94~ 4.17, 5.22, 3.25, 4.78~ 3.66~ 3.45~ 2.87. Case IV. One of these was a patient of Dr. J. S. Ely, of New ttavcn.
On Feb. 26, 1901 , the urine for the 24 hours contained organic acids equal to 25.96 gm. of oxybutyric acid, and 20 per cent of the N was present as N of I~TH~. On March 20 (nearly 4 weeks later), the urine contained acids equal to 23.72 gln. of oxybutyric acid, and 21.28 per cent of tile N was present as N of NIIa. In the course of a few weeks this patient died in diabetic coma.
Case V. The second observation relates to a man of 30 (a patient of Dr. il. P. Loomis), who is known to have bad glycosuria for at least 6 months, and who had lost considerable weight when the urine was studied, IN'or. I, 1900 . On this occasion the excess of bases was equivalent to 24.62 gm. of oxybutyric acid, and 18.65 per cent of the N existed as 2~ ~ of iXI~I 3. Two weeks later this patient died in diabetic coma after a short period of drowsiness, from which he was temporarily roused by an intravenous alkaline infusion. All the urines from this patient that were examined yielded large amounts of croionic acid.
Case VI. Another case to be included in this category is that of a child, aged 4, in whom glycosuria was detected about one month before the time of our first analysis of the urine. This glycosuria followed the excessive use of sugars and starches and was at first thought to be of alimentary origin. A 24 hours' specimen was obtained at a time when the child was on a diet moderately restricted as regards carbohydrates. This urine contained an amount of organic acid equal to 7.77 gm. d-oxybutyric acid--a considerable quantity for a child of 4 years. Crotonie acid was obtained but only in small amount.
The I~ of ~NH:: reached 19.57 per cent, and the total NH~ was 1.46 gm. Ten days after the time of this analysis the child suffered from headache and was given 2 grains of calomel. The sugar in the urine fell greatly when the calomel began to act, and a sample was obtained which showed only .031 per cent of sugar as indicated by titration with Fehling's solution. The urine at the time of the previous examination had contained 4 per cent of glucose (42 gm. in 24 hours). An amnmnia determination was made to see if there was a corresponding diminution in the excretion of organic acid. It was found that the :~TH~ amounted to 2.51 gin. when calculated for the 24 hours, and the N of NH~ amounted to ~8.11 per cent. These figures correspond to a large quantity of organic acid and the observation is a striking example of the independence of the excretion of sugar and organic acids. This patient died in coma one month after the last observation mentioned. Diacetie acid was always present in the last month, and the acetone output was increased.
(~'ase VII. The last observation in this group relates to a distinguished scientist, 52 years of age, under the care of Dr. 0sler, who had had diabetes for at least 10 years before he came under my observation.
The percentage of glucose had gradually increased from 0.5 per cent to or 5 per cent. It cannot be said that the patient exercised sufficient care in regard to the use of carbohydrates. In June, 1900, after a winter of hard work and worry, he began to have headaches at night and giddiness and diplopia during the day. He also showed debility and excessive irritability. These symptoms followed an indiscretion in diet. The urine for 24 hours ending the morning of June 14 (during the disturbance) contained sugar 5 per cent (70 gm. in 24 hours), less than 0.4 gin. of organic acid (calculated as oxybutyric), 4.61 per cent of N of NHa, and only 9.66 gm. of NH3. No test was made for acetone or diacetic acid.
On Oct. 9, after a summer of rest, from which there resulted a gain in weight and strength, the urine of this patient contained glucose 4.46 per cent (81.1~ gin. in 24 hours), N of NIt 8 3.62 per cent, and Ntt 8 0.629 gin. The organic acids of the urine amounted to 1.8 gin. in terms of oxybutyric acid. The increase in these acids was so small as to be considered of little prognostic significance. Nevertheless, the patient was urged to see Dr. 0sler in the hope that he might be induced to take better care of himself. During the end of January, Dr. Osier wrote that our diabetic patient had what appeared to be an influenzal infection, with herpes in the distribution of the 1st division of the 5th nerve. After losing much weight and strength, there was a considerable recovery of weight and some recovery in strength, but after a short interval a boil developed on the leg, the patient became restless, vomited repeatedly and soon died in deep coma. Dr. Futcher (to whom I am indebted for notes on the progress of the disease) states that there was a definite acetone odor to the breath and that the respirations became of a suggestive Kussmaul type. The following notes relative to the urine were given me by Dr. Fntcher.
gun. 22, '01. Sp. gr. 1033, sugar 4.2 per cent (polariscope). Amount of urine not stated. Legal's acetone reaction very marked. Typical Gerhardt's reaction for diacetic acid. ,S-Oxybutyric acid 0.2.
Jan. 25, '01. Sp. gr. 1037, sugar 4.6 per cent. Acetone and diacetic acid reaction marked. ~-0xybutyric aeid not tested for.
;ran. 28, '01. Sugar "/.9 per cent. Acetone and diacetic acid reactions just appreciable and that is all Feb. 1"/, '01. Sugar 6.25 per cent. No diacetic acid or ncetone reactions present.
(;2'2 Acid Intoxication of Diabetes in Relation to Prognosis
The seven eases included in this group of diabetic patients agree in that they all show the presence in the urine of large amounts of organic acids. This was demonstrated in most instances by the method of balancing the acids and bases of the urine and by the less reliable but still satisfactory method of simply determining the ~II3 of the urine. In all the eases where an attempt was made to obtain crotonic acid it was found, and we can regard this as satisfactory evidence of the presence of oxybutyric acid in the urine. These results are in accordance with those obtained by Stadelmann, Naunyn, _~Iinkowski and Magnus-Levy from patients either actually in coma or a few days or weeks before the onset o.f coma. The excretion of acids is often greater before the period of actual coma, for the urine may be considerably decreased in volume at the time of unconsciousness. This was the case in the fourth o.bservation, which has been elsewhere reported in detail by Dr. Ely.
The relatively short time that may elapse between an apparently stationary condition with little excretion o,f acid and a state of intoxication ending in coma is well seen in Case VII. Analyses made in June and October, 1900, showed the patient to be passing very little organic acid and to be gaining in weight and strength. Diacetie and oxybutyric acids appeared during an acute infection in January, 1901. During a short time the patient gained weight rapidly and the reaction for diacetie acid could no longer be obtained. Then after a new infection diacetic acid reappeared and coma soon developed. Thus the patient died in diabetic coma only six mont.t~s after the urine was carrying away very little organic acid.
I know of no. observation on the urine of a patient in diabetic coma that has failed to show the presence of large amounts of organic acids. Our own results, taken in conjunction with those of Stadelmann, :Naunyn, Magnus-Levy and others, show that in diabetic coma and the antecedent period the :~ of NI-I3 is increased to between 16 and 30 per cent of the total N. In one of our cases a small portion of urine, representing only a part of the day's excretion, contained only 13.5 per cent of :iX T of N/~, but it is likely that the average for a day would have been higher. In most instances of coma the N of NH~ falls between 18 and 25 per cent of the total N. The actual quantity of acid excreted ~ varies enormously. If the kidneys are inactive the quantity may not exceed 10 or 12 gin. of oxybutyric acid. On the other hand, Magnus-Levy mentions an instance in which the amount was 157 gin."
The increase in the excretion of -NH3 is satisfactorily explained on the hypothesis that this zNH3 is diverted from its usual conversion into urea for the purpose of neutralizing the acid which is constantly leaving the cells to pass into the blood. ~°
CASES OF DIABETES IN WIIICH CONSIDERABLE QUANTITIES OF ORGANIC ACIDS WERE BEING EXCRETED AND WHICH HAYE NOT YET DEVELOPED
CO~IA O1~ IN WHICH THE OUTCOME IS UNKNOWN.
Case VIII. Perhaps the most instructive case in this group is that of a small and emaciated female of 55, in whom glycosuria had existed for about 2 years at the time of her admission to the City Hospital. The urine on Oct. 13, 1900, contained organic acids equal to 13.15 gin.
of oxybutyric acid, and 16.34 per cent of the total N existed as h7 of NH~.
The patient was at this time on a free diet containing a large amount of carbohydrates. The diet was restricted in carbohydrates, and on NOv. 1 the urine contained 8.85 gin. oxybutyric acid, with 11.55 per cent of N as N of NH~. Crotonie acid was readily obtained. Three weeks later, the diet remaining restricted as regards carbohydrates, the urine contained only 0.98 gin. of organic acid, while the N of NH 3 had fallen to 3.28 per cent. A specimen obtained so recently as March 27, 1901, shows less than 5 gin. of oxybutyric acid in 24 hours, and only 5 per cent of N of NH 3. The recent urines have yielded only small amounts of crotonic acid.
The instructive features of these observations are, first, that the patient has lived nearly seven months in spite of the fact that the urine contained so much organic acid as to call for ]6.34 per cent of N of NH 3 to aid in its neutralization, a percentage seldom observed except in patients on the verge of coma; and, second, the marked falling off in the organic acids which followed a moderate restriction in diet and which has continued in spite of a more liberal diet latterly. The 9Arch. f. ez~l a. Path. u. Pharm.~ 1899, xlii, pp. 182-3 . ~0 This subject is discussed in my paper in the Trans. Assoc. American Physicians, 1900, xv, p. 236. 42 (~24 Acid Intoxication of Diabetes in Relation to I'rog~osis patient has become very much emaciated and is often somnolent during the day.
Case IX. A similar observation was made on a corpulent man, aged 45, who has had glycosuria for ten years. For many years the rigid exclusion of carbohydrates from the diet was promptly followed by the disappearance of sugar from the urine, but for more than a year the glycosuria has persisted in spite of the severest restriction in diet. On March 18, this patient passed 3700 cc. of urine containing 4.7 per cent of sugar, and the equivalent of 9.26 gm. of oxybutyric acid. After 4 days on a restricted diet, 2380 co. of urine were passed with 2.75 per cent of sugar a~d only one gm. of oxybutyrie acid. Although the patient continued to live on a somewhat restricted diet, the acids increased to 10.7 gm. of oxybutyrie acid in less than one week from the time of the previous observation. The first of the three urines mentioned yielded crotonic acid, and there is no doubt that at least part of the organic acid excreted consisted of oxybntyric acid.
It is of interest that no diacetie acid could be detected in the urine just mentioned, although the examination was promptly made.
An exceptional and highly noteworthy feature of this case is the behavior of the nitrogen of ammonia. The first analysis gave 2.42 per cent of iX of lqH3, with a total of 0.82 gm. of NII~. The second analysis gave 3.27 per cent of IK of ~XI-Ia, with a total of 1.08 gm. of iKII~. The third analysis gave 4.14 per cent of 5T of IN~II~, with a total of 1.31 gm. of ~NH3. These values all fall within the limits of the normal exeretion of ~tI 3. This is noteworthy because the patient was excreting a considerable amount of organic acid, and it is a wellestablished fact that NH~ is the principal base to which the organic acids are united when they are excreted. It is clear that in this instance the organic acid must have been united to some other base than NH:, and there is reason to think that the base is chiefly potassium.~ The excretion of the NH~, the Na and the K, during and before and after tl~e period of restricted diet, is indicated in the following table.
11This observation is not entirely conclusive as to whether the base removed by the organic acid was chiefly K or Na, for in our method of balancing the acids and bases of the urine these bases are not determined directly. In this method we assume that the Na of the urine corresponds closely to the Ca excreted and the K is obtained by difference, on the basis of this assumption.
The results must therefore be regarded as only approximating the truth, The urine on which the first observation was made shows the excretion of K20, in terms of Na, to be nearly as great as the excretion of N%0 in terms of Na. These are not normal conditions, since when a normal individual is eating plentifully, as in this instance, the Na20 is only about one-half as abundant as the K20. In the second observation the K20 has fallen to less than one-half the Na20 , with very little change in the total Na20. This fall in K20 corresponds to the period of strict diet and small excretion of organic acids, that is to the period in which there is no unusual demand for bases to neutralize acid. In the third observation the organic acids have again increased to considerable proportions and the K20 equals the N%0. We are led to the conclusion that it is chiefly the K which is concerned with the removal of the organic acid. TM If we had depended in this case on the study of the excretion of NH3 to determine whether there was any pathological excretion of organic acids we should have reached the conclusion that such acids were not being excreted. Probably the true condition could only have been shown by balancing the acids and bases as was here done, since diacetic acid was not detected and the yield of erotonic acid was very small, and in one instance even questionable.
The patient to whom reference has just been made is slowly losing weight, but is still a well-nourished and vigorous individual, capable of doing exacting physical labor. The fact that the exclusion of carbohydrates no longer suffices to stop the g]ycosuria indicates a loss of assimilative capacity as compared with the conditions one year a~o.
Acid I~toxicatio~t of Diabetes in Relation to Prognosis
The clinical indications are that this patient is likely to do well for many months in spite of a considerable excretion of organic acids at times.
Case X. The next case in this category is that of a middle-aged man, who came under the observation of Dr. E. K. Dunham. He first noticed the excessive amount of his urine about April 7, 1900. Betweefl April I and May 1, 1900, that is in one month, he had lost 50 pounds, but still weighed 147 pounds. He suffered from great thirst, anorexia, and great debility, but was able to bring a large jug of his urine from Englewood, ~. J., to the Carnegie Laboratory, carrying it part of the way. The urine for 21 hours amounted to 11,500 cc., and contained organic acids equal to 30.02 gin. of ~-oxybutyric acid in 24 hours. The N of NH3 equalled 17.55 per cent, and the total N of NH3 was 3.32 gin. The ferric chloride reaction for diacetic acid was strong. In the 24 hours' urine the sugar reached the enormous amount of 556.3 gin. The amount of oxybutyric acid excreted makes it probable that this man was not far from a fatal termination in coma, and it is most unfortunate that the subsequent history of the patient is unknown. Case XI. A somewhat similar but less acute case came under the observation of Dr. G. A. Spalding at St. Luke's Hospital. A man, aged 28, lost 93 pounds in three months, and for six weeks previous to the analysis passed large amounts of urine. At the time of the examination the chief complaints were debility and great thirst. The urine for a portion of the 24 hours contained 6.01 gin. of oxybutyric acid. The quantity for 24 hours was probably two or three times this amount, judging from the N excretion. The N of NtI 3 reached 9.7 per cent of the total N. Crotonic acid was easily obtained from the urine. Tho patient continued to lose weight and strength, but the ultimate outcome is not known. Case XIL The last observation to be included in this category relates to a male patient of Dr. C. C. Ransom, 75 years of age, who has had persistent glycosuria for several years. The general health is good and the patient is said to be without symptoms. On Nov. 4 the urine contained an amount of acid equal to 6.9 gin. of oxybutyric acid, with 7.08 per cent of N of ~H3 and 0.98 gin. of NH~. The urine contained 1.17 per cent of sugar, there being 22.81 gm. in 24 hours. The patient has been in excellent health since this observation was made, and has been on a diet moderately restricted in carbohydrates. On Feb. 19, 1901 , the urine contained 0.32 per cent sugar and only ~.2 gin. of oxybutyric acid with 3.31 per cent of N of NH3.
Perhaps the most important fact brought out by the cases in this group is that a diabetic (Case VIII) may live many months after the appearance of a very high percentage of 1~ of IqK3 in the urine. Sandmeyer's reports on the cases studied and published with Kfilz show some remarkable illustrations of this fact. ~ One patient (Case 414) died 11 months after the urine contained 3.74 gm. of NIt3 (average of 3 different urines); another (Case 415) lived 15 months after the urine showed 7.23 gin. of NI-I3--an enormous quantity. Other treatment than restriction in diet seems to, have had little to do with these remarkable instances of prolongation of life. In my Case VIII the patient showed no improvement in symptoms when the alkali treatment was instituted. The cases (Table II) which fall into this group are, with two exceptions (Cases XII and XIV), examples of diabetes of mild form; that is, the patients have none of the obtrusive clinical evidences of diabetes such as thirst, polyuria, and loss of weight and strength. In Case XIV an alcoholic neuritis complicated the condition, and the sudden death was probably connected with the extensive myocardial changes. In cases XVI, XVII, XVIII, XIX and XX the prospects for life appear to be good. Case XIII is one in which the patient is constantly losing weight and is doing badly in other respects. The excretion of organic acids is so small that the unfavorable symptoms cannot be brought into relation with them. Case XV has also progressed unfavorably, with an inclination to somnolence, in spite of the small excretion of acids. In Case XVIII the patient excreted 8.36 gin. of acid in terms of fl-oxybutyric acid, but crotonie acid was not positively detected. We cannot, however, feel certain that the urine contained no d-oxybutyric acid because of the imperfections in the methods of obtaining crotonic acid from urine. This case might perhaps have been included in the second group. Here we see a marked increase in the sugar excreted with a very striking fall in the quantity of acid.
CASES
In Case IX we find somewhat different conditions, as shown in Table I on page 625. In this instance there was a considerable fall in the sugar, but the percentage of decrease in the acids was considerably greater.
Again in Case XVII, although there was a fall, nearly proportional, in sugar and in acids, from Feb. 23 to :March 7, this was followed on ~[arch 28 by a rise in the excretion of sugar, while the acids remained little changed. It is worthy of note that in each of these three instances the considerable fall in the excretion of acids followed a restriction in carbohydrates of the food. This fact appears to me to be of considerable practical interest. If a patient who is eating earbohydrates liberally has a considerable quantity of organic acids in the urine, there is the chance and even the probability that a restriction in diet will be followed by a considerable fall in this excretion of acid. If, however, a patient passes the same quantity of acid as in the ease just mentioned, in spite of the fact that he is getting no carbohydrates, the outlook is likely to be worse than in the former case. In other words, we must test the effect of diet upon the acids just as we test its effect upon the excretion of sugar. Other conditions remaining the same, a quick fall in the acids, in response to diet, is to be considered a favorable indication, while the persistence of a considerable excretion of acid, in spite of diet, is to be considered unfavo.rable.
It sometimes happens that considerable sugar is excreted when there is little excretion of acid. Thus in Case VII we find on one occasion an excretion of 70 gin. of sugar with less than 0.4 gin. of acid, and on another occasion 81.17 gin. of sugar with 1.8 gin. of acid. On the other hand, in Case XIX we find only 2"2.62 gin. of sugar with 8.36 gm. of acid.
Notwithstanding these discrepancies, it. is true that large amounts of organic acids generally accompany large amounts of sugar, and conversely that a large excretion of sugar (more than "200 gin. per day) is usually associated with a considerable excretion of organic acids. A sniall excretion of sugar ("25 gin.) is rarely accompanied with considerable amounts of organic acids, but on the other hand, small quantities o.f acid often go with considerable amounts of sugar (75-200 gin. per 
day). (See Cases XIII and XVI).
A striking example of the ~ndependenee of the sugar excretion and the acid excretion has already been referred to. in connection with Case VI. Here the excretion of adds, as indicated by the N of Ntt~, was very large at a time w]ien the sugar almost disappeared from the urine. Since the independent and nearly simultaneous discovery by )linkowski 14 and by KElz It Of ,~-oxybutyrie acid in the urine of diabetics, many observations have been made which leave no doubt that when the NII3 content of the undeeomposed urine, of diabetes is markedly increased, the presence of J~-oxybutyric acid can always be demonstrated. There are two properties of this acid which can be utilized for its detection. One is the formation of crotonie acid under the action of strong sulphurie acid and heat. The other is the levorotary action of the acid/° By the use of methods based on these properties, it has been possible to sho.w that most of the organic acid in the urine of patients in coma or in the pre-eomatose state is j~-oxybutyric acid. Although diacetic acid is probably never absent under these conditions, there is reason to think that it is never present in the large amounts in which oxybutyrie acid occurs. Of other acids in ~4 E. Minkowski, loe. tit. ~s Zeitschr. f. 2Biologie, 1884, xx, p. 16.5 . ~6 The acid can also be extracted directly from the urine.
the urine in diabetes we know little. It seems by no means improbable that other organic acids are sometimes associated with ,9-oxybutyrie and diaeet~e acids.
As ye~ there have been few observations on the blood and tissues of diabetics which throw light on the nature of the acid in the blood. It is natural to suppose that as the urine contains so much ~'~-oxybutyrie acid in diabetes, the blood must also contain it. The acid has indeed been discovered in the blood by such careful observers as Minkowski and ~fagnus-Levy. The quantity reported by Minkowski is more than 2.2 parts per mille. Magnus-Levy found the acid in the liver, spleen, muscles, brain and gastric contents. It is of interest that eonsiderable acid was found in the brain. I was unable to obtain erotonic acid either from the liver, blood, or brain of a patient who died in diabetic coma, but do not consider that the presence of J~-oxybutyrie acid can be excluded in this ease.
The discussion of the origin of the organic acids formed in diabetes and their relation to diabetic coma I shall reserve for another publication. I desire to express my indebtedness to Dr. A. J. ~Vakeman for making most of the analyses on which this paper is founded.
CONCLUSIONS.
It seems desirable to emphasize the following conclusions: 1. A careful balancing of the normal acids and bases of the urine makes it possible not merely to detect the presence of organic acids in the urine, but also to determine approximately the amount of such acids. The method recently described by Herter and Wakeman can be recommended as securing a greater degree of accuracy, for the amount of labor involved, than any other procedure.
2. The determination of the N of NH3 is a useful procedure for clinical purposes, since it is probably true that a considerable excretion of organic acid (say 15 gin. oxybutyrie or more in 24 hours) is always attended by an increased excretion of NIt3. As much organic acid as corresponds to 10 gin. oxybutyric acid may be excreted in ~4~ hours without causing an increased excretion of NtI3 (Case IX). We c~nnot therefore rely on the ammonia output to detect moderate quantities of organic acid.
3. Where organic acids are removed in considerable amount without increasing the excretion of NH3, the acid takes out other alkalies, probably in some instances chiefly K.
6. In cases of diabetic coma the urine always contains a large excess of organic acids and the N of NH3 is usually increased to 18 to 25 per cent of the totaI N.
5. Crotonic acid can regularly be obtained from the urines of patients in diabetic coma.
6. The condition of diabetic coma is preceded by a period of days, weeks or months, in which there is a large excretion of i~-oxybutyric acid (20 g~n. or more in 24 hours), and in which the N of NIt3 is largely increased.
7. Patients whose urines show or have shown a large excretion of organic acids are in danger of developing diabetic coma, but the lg of NH3 may temporarily rise as high as 16 per cent and yet coma may be delayed for more than 7 months (Case VII). The persistent excretion of more than 25 gm. of i~ oxybutyric acid indicates impending coma.
8. A patient passing 30 gin. of J?-oxybutyric acid in 24 hours may still have enough energy and strength to be about all day and perform considerable muscular work (Case X).
9. A patient who has been excreting very little organic acid and has gained weight may within a few months show tile presence of considerable quantities of organic acid, and die in typical diabetic coma (Case VII).
10. When the urine contains little or no organic acid there is no immediate prospect of diabetic coma, but patients witll such urine are probably liable to most of the other dangers that threaten diabetic patients. The relation between the degree of acid intoxication and the susceptibility to infection seems worthy of special experimental study.
11. Where the urine regularly contains more than 200 gin. of sugar per day there is usually eonsideral)le organic acid in the urine and large amounts of acid, indicative of coma, are invariably accompaMed by considerable or great glyco.suria.
12. Sometimes there is much sugar and little or no acid in the urine, and sometimes there is considerable acid and little sugar. These facts render it desirable to examine the urine of diabetic patients at least once a month with reference to the amount of acid excreted, for the element of acid intoxication must be clearly separated from the element of glyeosuria in our study of the progress of a ease. In other words, we must recognize the acid intoxication as an important and sometimes as a dominant factor in the prognosis, and this element should be regarded eve~ in those eases of diabetes which have the clinical indications of a mild type of the disease. We may thus hope to prolong life in many instances by taking precautions, as to diet and out-of-door life, which might not otherwise be deemed necessary.
13. The withdrawal of carbohydrate food frequently leads to a considerable reduction in the quantity of organic acids excreted. The reason for this is not yet clear and the phenomenon deserves earefu! study.
